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‘ This report was prepared in the Mechanics and Surface Interactions
3§ Branch (AFNAL/MLBM), Nonmetallic Materials Division, Materials

Laboratory, Air Force Wright Aeronautical Laboratories, Wright-Patterson
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Air Force Base, Ohio. The work was performed under the support of
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Project Number 2307, “"Nommetallic Structrual Materials", Task Number

Woid

? ) 2307P2, “Composite Materials and Mechanics Technology," and under
f- Contract F33615-83-C-5001.
: In this report, an automated composite laminate sizing technique is
Z presented, which optimizes for minimun weight. The technique can be
; coded for a microcomputer and a 1isting is given for the Sharp PC-1500.
. The program is interactive and easy to use. Ply ratios are optimized for
point stress under multiple independent loads.
8 This program is available on cassette tape and.can be obtained by
ﬁ;‘ sending a blank 15 or 30-minute tape to AFWAL/MLBM, Wright-Patterson AFB,
é Ohio 45433 and referencing this report.
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q SECTION 1

§ . PROGRAM DESCRIPTION

* The program "OPTIM" is an optimization program designed to run on &

:ig small microcomputer. The listing presented here is for a Sharp PC-1500

with an 8K memory expansion. The version of Basic is standard enough

i that translations to othér u;icrocomputers is possible.

g ) The program will find a minimum thickness 1amimate which will not .
j fail under any of the load conditions entered. Ply orientations are o
chosen by the user. The prggr.am's capability in handiing multiple,

‘d independent, loads could be useful for loads which change with time or

"' ' for situations where there is uncertainty in calculating the loads. As

the program is currently dimensioned, four independent load combinations

and 6-ply orientations can be entered.

N Only point stresses are considered, thus the program optimizes the

i 'Iu"lnate only at one point in the structure. Furthermore, the program

3 assumes in-plane loads only and no out of plane deflections. This

M fmplies a symmetric laminate, but stacking sequence is not a factor in

:‘? the program. The layer thicknesses generated by the program are the

f total and must be divided by 2 to get the halves of a symmetrical

Taminate.

;. No knowledge of optimization techniques is needed to run the program

s " and very little knowledge of laminate plate theory is needed. In

" addition, material properities for three common advanced composites are

: stored in the program and new composite materials can be added by

;;1 fnputting their material constants into the program directly.

3 1




SECTION 11I
GENERAL INSTRUCTIONS

The Sharp PC-1500 manual includes tape loading instructions. Because
"OPTIM" takes so long to read (approximately 5 minutes), it's a good idea
to test tape player volume level with a short one or two line program to
see if all is well. Load the tape using "OPTIN" as the name. An example
of the display and appropriate responses are given in this report.

The program is started in RUN mode by instruction RUN (press the keys
[R] [U] [N] and [ENTER]). User is guided through the program by simple
questions. The user types the chosen answer and presses the [ENTER]
key. At the completion of the routine, after all results have been
displayed, the program will restart itself.

Run times can be quite long. They range from a minute for a 2-layer
laminate, to 10 minutes for a 6-layer laminate subject to multiple loads.
The material constants are stored in the program. When "MATERIAL

NO.=" {s asked, input the material number;

1....7300/5208
2....BORON/5508
3....AS/3501

To add other materials (up to 6 more), user should type (in PRO mode)
for a material with the material number N,

16N@: DATA "name of material”, Ex. Ey. vs2E,h,X, X',Y,
Y', S : RETURN,

X S o
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An example of adding a new material (Aluminum....Material number 4) is as
: follows:
Set PRO Mode and type,
; 1640 DATA “ALUMINUM", 69, 69, .3, 26.538, 125E-6, 400, 400, 400, 230 :

RETURN
. and press ENTER key.

The unit of engineering constants are in GPa and thickness of single ply

ho is in meters.
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SECTION 111
METHOD

P

The goal is to minimize the total thickness of a composite laminate

a3 YN e i

subject to failure constraints under static loads. Specifically

‘\,‘"‘;w'ﬁ
L
=¥
I
3
b,
3

where L = number of layers

subject to h > 0mmssgﬂémém+é%%ﬂ)-liomehkis

ji the total thickness of all the plies at the k'th orientation (which will
R be referred to as a “layer" in this report). The failure criteria is a
; first ply failure based on the Tsai-Wu tensor criteria in strain space.
P The G's are transformed to the laminate axis from the k'th layers
i
' orientation. The strains are associated with the N'th loading
Q combination. This distinction is made since more than one independent
3« Toading may be considered. For the definition of the G's in terms of

experimental strength data, see reference 1.
% Stacking sequence is not included in this formulation, and the
g. laminate is assumed not to bend or warp. Therefore, strains and loads
N
- are related by

> -+

3 N=1JA|l €
x The optimization method applied is a modification of the method of
2 feasible directions. The method can be demonstrated graphically with
g 2-dimensions, 1.e. two layers. In figure 1 the two equalities
; 6{P.e. 60 -1-0
% i Sicy o+t
- (90) (90) -
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have been plotted as functions of ht% and n[90] for the single
loading condition shown. Any point above and to the right of these two
curves is feasible, that is, failure will not occur. Points to the left
and below the curves are infeasible. Because our objective function (the
sum of the layer thicknesses) is linear, the optimum point will 1ie on
one of these curves or the intersection of multiple curves.
The program starts by finding an initial feasible point (A) which
lies on a constraint curve farthest from the origin on the line |
h[9°]=h[°]. The distance from the origin is calculated using a ‘
strain ratio method. Along any vector which passes through the origin

i+l _ i,
he't = et S/S,

L i «
where S is a scalar distance, and S = [ (h;)zll/z
k=1 -

along this vector, strain can be found using

where e?is a component of laminate strain evaluated at So'
Substituting into the failure criteria we have

(e,) 2 (6,) o
G kT €. Gk’ &S
._____%?iil- -k--i--—---fi--!2 -1=0

S S
To ensure the calculated point 1ies slighty in the feasible region

despite any numerical error, the program sets this function equal to the
negative of a small number 1E(-6) rather than zero. Solving this

equation for positive S we have
s8¢ /(82-4AC)

?A
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X If So lies in the feasible region we solve the above equation for each

:” layer and each load combination then take the smallest resulting S as the
one that defines the boundary of the feasible region.

S The next step in the optimization procedure is to establish a
N
N direction vector which will point away from the constraint A lies on and
2 is parallel to the plane defined by & hk=constant. In figure 1, this
direction is shown as Z. Finding Z first requires calculation of the
ii: gradient of the active constraint evaluated at A. Let

: Con = GiokeiMe (M @M _

d) k,N i
Y,
x
where k and N correspond to the layer and load combination of the active
. constraint. A constraint is considered active if ck'N >-E2 where
£
2 E,*1E-5 is a small number. Note that more than one constraint may be
o
o active. The gradient is then given by
-, (N) (N)

~ %€ 9€ %€ ~
S [ Ck N=I [G(ek) —_— e§N) + egu) —l )4 G(ek) —] h,
: L=1 ahL oh, ahL

N where hL is a unit vector. To find the partials of strain we start
with the basic equation

‘~ > >
G N=lal €
;.‘ * -
3 0--2 (a2 +A Dz, Ll 2 a2

- ahi Bhi ahi '()hi

%
"
%
»”
.
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The gradient vector is normalized to unit length. If more than one
constraint is active, the nomalized gradients are summed together and
the sum is then normalized to one. The negative of the gradient will
point away from the constraint, into the feasible region. This vector is

now projected onto the plane defined by the unit normal B. where

™~

Pa) 1 ~

n = h,
7[1.=1 i

The projection can be made with a double cross product

> -
Z=nx (-Vc xn) .

With a vector identity, this can be rewritten as
L d - AN -
Z=(Vc «n)n-7vc.

Finally, Z is also normalized to unit length.

Along 2, another constraint will eventually be reached (point B in
Figure 1). The point is found iteratively by a bisection technique.
Since the bisection method is very time consuming, the constraint line is
only found within a relatively large error band. What we are really
interested in is a point approximately midway between A and B, which is C
in the figure. From point C, the strain ratio technique is used to

analytically calculate D. Starting at D, the entire procedure repeats.
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The program terminates when the distance AB or CD is small (say 1/10 of a
ply thickness) or the magnitude of E before normalization is very small
(implying ; and V¢ are almost parallel).

In some cases, hkzo constraint may be reached. When this happens,
that orientation is completely dropped from further calculations. Thus,
the constraints associated with a zero thickness layer cannot affect the
results. Once an orientation reaches zero thickness, it is never

reinstated in later iterations.

Figure 1 shows a case where the program reaches the intersection of
two constraints. However, simultaneous failure should not be considered
a criteria for optimization. The constraint 1ine for the +45° layer is
completely in the infeasible region. The line h[45] + h['45] = const.
has been included to show that point D is the minimum thickness (See
Figure 2).
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APPENDIX A
FLOW DIAGRAM
RN ] |
MATERIAL] |
| PROPERTY] |
|
{
|
| _
INITIAL | TLEORM Ah, Az
FEASIBLE ‘_—J__LEIND—SI‘*'___A___JLNS——J
SOINT STRAIN RATI0S
CONST
_ |
- |
DIRECTION | hh, Az ]
y |
.« +~{FIND STRAINS )
NEW <——+—~{CONSTRAINT TEST ]
HVECTOR | ~{FORM A Az )
———>{STRAIN RATIOS ]
MINIMA OR |
ITERATION |

OUTPUT

}«——>{PLY RATIOS |
GTH RATIOS

st
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APPENDIX B
KEY OPERATION PROCEDURE
DISPLAY INPUT PRINT OUT - & REMARKS
RUN [ENTER]
MATERIAL NUMBER =
1 [ENTER] 13005208
NUMBER OF PLY ANGLES ? 2 [ENTER]
- NO.OF PLY ANGLE= 2
PLY ANGLE-1 ? 0 [ENTER] ANGLE= 8.9
PLY ANGLE-2 ? 90 [ENTER] ANGLE= 990.9
NUMBER OF INDEPENDENT )
LOADINGS 2 [ENTER]

LOADINE-1 NO.OF LOADINGS= 2
Ny=? [ENTER] "LOADING UNIT is
No=? 1 [ENTER] in iN/m
Ng=? 0 [ENTER] LOAD ING-1

Nl= 4,900
N2= 1.000
LOADING=2 NG6= ?.888
Ni=? 1.25 [ENTER] LOADING-2
- _ Nl= 1.259
Np=? 3.25 [ENTER] N2= 3. 258
Ng=? 1.299 [ENTER] NE= i.299
AFTER 4 ITERATIONS
TOTAL THICKNESS =
2.282E 93 «c¢m
*32.57 21 'ES
11
' a, Wy S T A '\'. LR R \‘ 'h.'ﬁ'b v\~ L] \- Yt e e " .'_‘.' '.'. ................................

---------
.......
. e




INPUT

PRINT QUT & REMARKS

ANGLE= 9.0
RATIO= Q. 304
# PLIES= 55.63

ANGLE= 90.0

RATI0= 2.695

# PLIES= 126.94
STRENGTH RATIOS

1=ULTIMATE STRAIN
AND > 1=SAFE

LOADING-1
PLY RATIC
2.0 2.381
30.8 1.321
LOADING-2
PLY RATIO
2.2 1,980
90.0 1.9823
MATERIAL NUMBER [ON] [ENTER] --BREAK--




MEMORY CONTENTS

APPENDIX C

MEMORY DESCRIPTION MEMORY DESCRIPTION
A(3,3) Value of Thickness Z(s6) Direction Vector
6 G S h Par
B(6,9) ij ( trg:g:in g;:g:gers in A$(6) Subscript Indicators
€(6,9) Qij (Modulus Components) Ul--Us Modulus invariants
D(3,3) Q¥ 2 V1--V7 Strength invariants
J “k .
(Strain Space)
E(4,3) Strains c2 CoS 20
6(3,3) Strength Parameter Matrix c4 COS 4o
N(4,3) Loads S2 sin 20
P(3,3) Inverse of A Matrix S4 sin 40
Q(3,3) Modulus Matrix S Final scalar distance to
be moved
€$(10,2) List of active constraints $1--S2 Points in feasible region
H(6) Thickness for each ply SR Distance to origin
R(3) Intermediate results SM Distance to first h=0
constraint
$(3) Strength parameter components NP Number of ply orientations

T(6)

Angle of each ply

Number of independent
loadings

.....................
...........
------

'''''''

-----
.......

''''''''''''''
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MEMORY CONTENTS (CONTINUED)

MEMORY DESCRIPTION MEMORY DESCRIPTION
W(6) Normallzggng;igzﬁzt of a NC Number of active constraints
X(6) Normalized sum of gradients IT Iteration counter
Y(3) Intermediate results TP Individual thickness
IM Maximum number of iterations gg:gg Strength parameter
in
-1 A strain space
NN (l'vay) GX,GY
A, B, C, F$ Flag to halt program when "FT
D, G, H, Intermediate calculations
CN, NM, .
n e .
TS, SV | G$ 5}2? F* if a constraint is
{’ Js K, Loop counters M$ Material Numbers
P, 11 Ply orientation pointers W$ Material Names
N Load pointers X$ Subscript indicators
& 2 /RP
N4
x 0, Q
;i R: T. Engineering constants
o U, v
?* H: X: Y Strengths
4]
5 Q1-04 Modulus
ki
iga

S
2527
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(D) SAMPLE PROBLEMS

T300,5208

NO,OF PLY ANGLE= 2
ANGLE=-108.0
ANGLE= 70.9

NO.OF LOADINGS= 2
LOADINE UNIT is

in MN/m

LOADING-1

Nl= 4,000

N2= . 1.000

NG= 2.000
LOADING-2’ .

Nl= 1.250

N2= 3.259

NG= 1.299

AFTER S ITERATIONS

TOTAL THICKNESS =
- 1,133E 28 cm

90.68 PLIES
ANGLE=-10.0
RATIO= 0.509
F PLIES= 45.34
ANGLE= 78.9
RATIO= 0.508
s PLIES= 45.34

3ITRENGTH RATIQS

!=ULTIMATE STRAIN
SND D i=SAFE

LOADING-1

o 23TIC
.2 .. 288
. 2

1. 288

r

.
-

)

¢

CIHSING-2
oLt 3a7TiG
: .. 258

[}

ar
(SN ]

%

Copy available to DTIC does not
pemait fully legible zeproduction

APPENDIX D

T300-5208

NO.QF PLY ANGLE= 4
ANGLE= 0.8
ANGLE= 45.0 -
ANGLE=-45.0
ANGLE= 908.80

NO.OF LOADINGS= 4
LOADING UNIT is

in MN/m

LOADING~-1

Ni= 1.000

N2= 1.000

NG= 1.000
LOADING-2

Ni= 2.000

N2= 1.009

N6= 9. 000
LOADING-3

Nl= 2.000

N2= -1.000

NG= B.0089
LOADING~-4

Ni= p.pood

N2= p.000

NB= ~-1.508

AFTER 4 ITERATIONS

TOTAL THICKNESS =
72.727E-81 com

61.82 PLIES
ANGLE= 0.0
RATIO= 8.308!

# PLIES= 18.62
ANGLE= 45.8
RATIO= 8.254

# PLIES= 15.72
ANGLE=-45. 8
RATIO= 8.232

% PLIES= 14.35
ANGLE= 90.8
RATIO= B.212

# PLIES= 13.12

STRENGTH RATIOS

1=ULTIMATE STRAIN
AND >1=SAFE

LOADING-1
PLY RATIO
8.8 1.328
45.0 2.271
-45.0 1.824
90.0 1.384
LOADING-2
PLY RATIQ
8.0 1.839
45.0 1.476
-45.0 1.513
9e.9 1.298
LOADING-3
PLY RATIO
8.9 2.396
45.90 1.260
~-45.0 1.264
96.0 1.008
LOADING-4
PLY RATIO
8.0 1.269
45,0 l1.010
~-45.0 2.453
90.0 1.221
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T308,/5208

NO.OF PLY ANGLE= 4
ANGLE= 9.0
ANGLE= 90.0
ANGLE= 45.0
ANGLE=-45.8

NO.OF LOADINGS= 2
LOADING UNIT is

in MN/m
LOAD ING-1
Nl= 3,800
N2= 2.9000
NB= 9.500
LOARD ING-2
Nil= 1.000
N2= 4,000
NG6= 9.900

AFTER 3 ITERATIONS

TOTAL THICKNESS =
1.154E 80 cm

92.32  PLIES
ANGLE= 0.8
RATIO= ©.203
% PLIES= 18.75
GNGLE= 98.0 ©
RATIO= 8. 335
% PLIES= 38.97
ANGLE= 45.9
RATIO= 9,239
% PLIES= 21.30
ANGLE=-45.9
RATIO= 9,238
s PLIES= 21,30

STRENGTH RATIOS

1=ULTIMATE STRAIN
aND > 1 =SAFE

LOADING-1
PLY RATIO
8.9 1.426
9.9 1. 094
45,8 1.324
-45.0 1,943
LOADING-2
PLY RATIO
8.8 1.000
9.0 1.769
45.90 1.220
-45.8 1,229

NnWaletet parvancin. o & 04

Wl TR T T T e T et

BORON~/ 5505

NQ.OF PLY ANGLE= 4
ANGLE= 8.9
ANGLE= 90.0
ANGLE= 45.0
ANGLE=-45.0

NQ.QF LOADINGS= 2
LOADING UNIT is

‘in MN/m

LOADING-1

N1= 3.000

N2= 2.800

N6= B.509
LOADING-2

Nil= 1.000

N2= 4,900

NE6= 9.000

AFTER S ITERATIONS
TOTAL THICKNESS =

1.194E 68 cm
95.56 PLIES
ANGLE= 9.0
RATIO= 9.283
% PLIES= 19.4]
ANGLE= 99.0
RATIO= 9.332
& PLIES= 32.2!
ANGLE= 45.9
RATIO= 0.223
% PLIES= 21.97
AQNGLE=-45.0
RATIO= 08.229
§ PLIES= 21.97

STRENGTH RATIQS

1=ULTIMATE STRAIN
AND  >1=SAFE

LOADING-!
PLY RATIO
2.9 1.379
99.9 1.002
45.0 1.32!
-45.0 1.046

LOADING-2
PLY RATINQ
8.0 1. 800
98.0 1. 654
45.8 1. 300
-45.9 1. 300

...............

AS5/35081

NO.OF PLY ANGLE= 4
aNGLE= 8.
ANGLE= 90.
ANGLE= 45.
ANGLE=-45,

[\ RN

NO.QF LOADINGS= 2
LOADING UNIT s

‘n MN/m

LOADING-1

Nl= 3.000

N2= 2.000

NG = 2.5008
LORD ING-2

Ni= 1.000

N2= 4,000

N6 = 9.000

AFTER ? ITERATIONS
TOTAL THICKNESS =

|.@00E 8@ cm
80.84  PLIES

ANGLE= 2.8
RATIO= 9.203

% PLIES= 16.26
ANGLE= 99.8
RATIO= B.333

& PLIES= 26.67
ONGLE= 45.8
RATIO= 8. 23!

5 PLIES= 18.56
aNGLE=-45.0
RATIO= 8. 23!

5 PLIES= 18.56

STRENGTH RATI!IQS

1=ULTIMATE STRAIN
aND  >1=SAFE

LOADING-!
PLY RAT!Q
2.9 1. 362
98.9 1.919
45.9 1.282
-45.0 1. 854
LOADING-2
PLY RATIQ
0.0 1.008
99.0 1.3591
45.9 1 195
-45.¢ . 195

.....
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19: "OPTIM":CLEAR
12:DIM H(8),R(3),
S$¢(3), T¢6), W(B)
» X(6J, Y(3), 2¢6
)
14:01IM A¢3, 3, B(6
«9),C¢6,9),0D¢3
«3),E(4, 3),G¢3
« 33, NC4, 3),P(3
30,03, 3
16:0IM Qs$<(6), Cs( |
8, 2)
18: [T=1.M=14
28.DATA V1*, "2%, "
3", 4, 5%, "6”
21:RESTORE 20:F0OR
[=1TQO 6.REQD A
$CI)INEXT 1
30:GOSUB 1200
49.GOSUB 17849.
cQsuB 1189.
. GOsuB 1900
42.G0SUB 888
45. |[F Fs$="F"QQOTQ
1309
50: GOSuUB 786
68.IT=(T+|
8. IF F$="F"0OR IT
>IMTHEN GOTO !
3008
?5:GQT0 42
2920.G$="P":NC=0
218:FQR P=1TQ NP
215: IF H(P)=BGOTD
288
228: 1 1=P. GQSuUB 658
22S5:FQR N=1TQ NL
238:CN=-1
235.FOR K=1TQ 3:
FQR J=1T0 3
240: CN=CN+G (K, JOXE
(Ny JIKE(N,K) .
NEXT J
245: CN=CN+S(K)XE(N
s W) CNEXT K
259. {F CN>BLET Gs=
&7, G0TQ 295
253 IF CN<=-,1G0TO
275
255iNC=NC+1
260:.C$(NC, 1)=CHRS
P.CS$(NC, 2)=
CHRs N

LSl A RS L)

«

APPENDIX E
PROGRAM LISTING

275.NEXT N

280:NEXT P

295, RETURN

398.NM=0, 1 [ =P:
GOSuB 659

305.F0R L=1TO NP

318: IF HL)=B6OTO
378

315. 11=L.GQSUB 669

320.F0R J=1T0 3.R«
J)=0

325.F0R k=1TQ 3

338.R(JY=R(JH~-QJ,
K)XE (N, K)

335.NEXT K.NEXT J

349.F0R J=I1TO 3./V¥(
Jy=8

342.F0R K=1TQ 3. V¥(
IY=Y(I)I)+P(CJ, )
*R(K)

345.NEXT KiNEXT J

350:W(L)>)=8

352.FQR J={T0 3.
FOR k=170 3

354. WL)=W(L)+G(J,
K)¥KCY(JHIXE (N, K
Y+E (N, JIXY(K))

356.NEXT K

358. WL =WC(LI+S )
XY(JY.NEXT J

360 NM=NM+W (L) kWL
)

370.NEXT L

375. NM=J (NM)

380.F0R L=1TQ NP

38S. WL =WC(L ) 7NM.
NEXT L

398.RETURN

490.F0R [=1T0 3.
FOR J=1T70 3

42S5.EC1. JY=AC], J)+
DCIy JY&S

410.NEXT J NEXT |

415, T=E£C(], 1), UzEC(]
W20 V=ECL, 3, W
=E(2$2)0x=E(21
3, Y=£(3, 3

420.D=TXxWXY+2kUkXKk
U-WkYkY-T kX kX -
Y xUkU

425 . Fx(WkY -XkX)/)
Q=z=(Tky-yky),D
G= (VX -yky)r-

17

h .. », WO % ‘}*';"‘ >~..,~.'_‘. _\._..;.‘, .

..........

430.R=(TxW-UxU)/D:
Hx(UkX-WXU) /0.
Q=(UxU-TxkX)>-D
435.P(C1, 1)=F,P(1, 2
y=@,P(1, 3)=H, P
(231):Gip(212)
=0
449.P(2, 3)=Q,P(3, 1
):H,P(B,Z):Q,P
(3, 3)=R
450.FQR [=1TQ NL.
FOR J=1T0 3
455.EC], Jh=9
460.F0R K=1T0 3
a?8.ECL, JHy=EC], J)+
P(J, K)XNCT, K)
482 NEXT K.NEXT J
4390.NEXT [:RETURN
S@8.FOR [=1T0 3:

FOR J=1T0 3
518:QaCl, 1HY=8.Dc1, J
Y=P

S28.NEXT J:NEXT 1

530.FOR 1=1T0 NP:1
=1

540.GOSUB 608

338.F0R J=1T0 3.
FOR k=1T0 3

S68.Q¢J. K)=A(J, K)+
QCJ, KO &kHCT ). D¢
Jok)=DCJ, k) +QC
Jok)kZC)

378.NEXT K.NEXT J.
NEXT 1

3808.RETURN

600.FOR J=1T0Q 3.
FOR k=1TQ 3

€619.0¢J.K)=CC11, Jk
K)

620.NEXT K.NEXT J

640.RETURN

350.FOR J=1TQ 3
FCR k=170 3

660.G(J.k)=B(I [, Jk
k)

670.NEXT k.NEXT J

688.S5(1)=BC[1, 7).%
(2>=B¢11,8).5¢
3)=B(11,95)

630.RETURN

708.SM=1Et19

732.FOR 1=1T0 NP

?34.1F 2CI)CO>OLET
S=-H(IYs2(1)

R R e et AR Rt

........
......
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g " 936: 1 >BAND S¢SM 819:P=ASC Cs$(], 1): 1029 .G0SUB 599

¥ 0 I o ches N=ASC C$(1,2): 1838: S=8. SR=1
738:Fs="p" 812:F?R i:ITO Nﬁ;x 1940~g=8aGOSUB 99

) 240: . €JI¥=XCJr=W(

kY 40 ;5;§?;é?tgg F®  B14:NEXT JiNEXT I 1858.F0R [=1TQ NP

;q 744:3150:SZ=SH:S=S 820:NM=9:F0OR J=1TQ HCODY=HC [ &S

,3 M NP NEXT 1,

e 746: I[F NC=8GOTO 77 825: NM=NM+X(J Y XX (J 1868.5=9. GOSUB 59

A 5 YINEXT J 2

.t 2 : ng="F" (])=XCl)/N QETURN

S 759 ;ESG’ FULET S 855: TS=TS+X (] ) ¥Z% 1198:FOR [=1TQ NP

ol 752: IF G$="P"LET S SGN He 1) NEXT 1118.C2=C0S (2%T(

- 1=S I 1)):C4=C0S ¢
754: [F S1=SMGOTO 7 860:NM=@:FOR 1=1T0 4axT(I)

- 65 NP 1128.S2=SIN (2%T(

N 755:S=(S1+52),2 865:2C1)=X(])-TSx2Z [)):S4=SIN (

iﬂ 756. [F (S2-S1)<1E- ¥SGN H(]) axT(1))

,3 SAND S1=8THEN 870;NH=NH+Z(I)*Z(I 1132.8B¢CI, 1)=U1+(2

~ 758: IF Fe="FrgaTQ  B872:F$="P" [ 42201 -C2%V

X 286 8743;§ NE(IE-ﬁLET 2+C4%ky3

3 260: IF W _ =hEY 1149.8¢1, 2)=U4-C4

J ce :GO$5 ;ig S1¢ 876: IF F$="F"THEN xY3. B¢, 9)=y

» 762:33'51/2 RETURN 3-C4RU3

g, Ses. aRa® 878: NM=J (NM) 1150:B(1, 3)=52/2%

U2+54ky3. B(]

767:FOR [=1TQ NP:.Y4
CP)=HCI)+Z2CI%

880:FOR I=1T0 NP:2Z
(12=2¢1)>/NM.

» 6)=852/2%xU2~

I S NEXT | S4%U3
& 768: IF HC(I)XCIE-S 885: GOSUB 580 1160:B(1, 7)=U6+C2

Ay LET H(1)=0 890: RETURN XU?:B(], 8)=U
¥ 279:SR=SR+H(I)¥H(]  98B:FOR P=1TQ NP 6-C2%U7:B(],
£ YINEXT 1 995: [F H(P)=BGOTO 5)=52%U?

. 7275.5=0:G0SUB 590: 980 1128:CCIL, 1)=U1+C2
7 GOSUB 488 919: | [=P: GOSUB 658 XU2+C4%U3: C(
r, 278:LET SR=J(SR) 915.FQR N=1T0O NL:B 1,4)-U]~C2%U
'g 780. GOSUB 908 =8.(=8 2+C4%U3
O 782. 1F (SR-S)<1E-5 929.F0R 1=1T0 3. 1180:C(l, 2>)=U4-C4
ol FOR J=!1T0O 3 xU3:.C¢1, 9)=U

LET Fe="8"
784;FOR 1=1TQ NP.H
(1)=HCI)XS/SR;

925:C=C-SR*SR¥G (1,
I)KE (N, 1Y KEN,

5-C4%U3
1190:C(1, 3)=582/2%

: T 930 J;_xr u§+sggug.c<1
: 286: S=8: GO! : N J . B)=52/2%U2-
3 86 gggugoigg 500 949.B=B-SR&S1 1 YXE( S4xU3
: 299: GOSUB 200: Ny IYONEXT ] 1195:NEXT .
RETURN 950: SU=(-B+[(B4B-4 RETURN
808: NM=1, 20 XCK(i-1E-6)))7 '200:G0SUB 1688.
(2%K(i-1E-6)) LE (1D

882:FOR i=!TQ NP.X

(1)=9 96@: IF SUYSLET S=S 1219:GOSUB 1838
804.2=2+SGN HC(I). v 1228: INPUT "NQ.JF

NEXT 1 970:NEXT N PLY ANGLES
806.2=1/§2 980: NEXT P:RETURN 27 NP
887. 1F NC=8GOT s0. 2=V 20 (NP) "239:LPRINT "NO.O
° 9 c 070 €5 *218.70R 1=1TQ NP F PL'»r ANGLE=
808.FOR 1=1TQ NC ZC1)=2.HCD) NP

=Z:NEXT 1 "235.73R =170 NP

Copy available to DTIC does not
18 permit fully lugible reproduction




1248:.PAUSE "PLY A

NGLE-"+STRS
¢1): INPUT T(
P

1241:GOSUB 1818

1242:LPRINT “ aN
GLE=",TC(I)

1245:NEXT [:LF (1
)

1248:GOSUB 1838
1250: INPUT “NQ. OF
INDEP. LOAD

INGS=";NL

1252:LPRINT "NO.OQ
F LOADINGS="
‘NL

1253: LPRINT *~ L
OADING UNIT
s in M
Nsm  “.LF (1
)

125S.F0OR 1=1T7T0 NL

SLPRINT " L
DADING~-"+A%(
D

1256:FCR J=1TQ 3

1260:L=J: IF J=3
LET L=6

1262: X$="
’(L)+:==p:

1265:. GOSUB 18080

1267:LPRINT Xs.
INPUT N(I, J)
LF (-1)

1268:LPRINT N(CI,J
)

t269:NCI, J)=N(I, J
YXI1ES
1278:NEXT J.LF (1}
YINEXT I.
RETURN
1300:7S=9
1319:FOR [=1TQ NP
1320: TS=TS+H(]1):
NEXT
1322.LPRINT "“QFTE
R “+STRs (IT
Y+ [TERATIQ
NSY.LF (1)
1325.G0SUB 1848
1330. LPRINT " TQTA
L THICKNESS

N'"+0

=", TSX188-LF
(-1
1340: LPRINT
le:

1345:B=INT ((TS/T
P+.805)%108)
7188

...........................

1347.G0SUB 1850
135@: LPRINT " "(B
V7 PLIES"
1355: GOSUB 1500
1368: GOSUB 1480:
GOTO 20
1480:LF (1)
1405 LPRINT " STR
ENGTH RATIOQS
TLLE (L)
1418:LPRINT “ 1=U
LTIMATE STRA

IN  AND >}
=SAFE".LF (I
)

1428:FOR I=1TO NL

1438: LPRINT *
LOARDING~"+
STRs (ID

1440: LPRINT " PL
YU:LF (-1)

1445: LPRINT “

: RAT

Ioll

1446:GOSUB 1450

1448:NEXT 1I:
RETURN

1458:FOR P=1TQ NP

1452: IF H(P)=0
GOTQ 1498

1455: 1 I=P: GOSUB 6
59

- 1460:A=0:B=0

1465:FOR J=1TQ 3:
FOR K=iTO 3
14708: A=A+G(J, K)XE
CIy J)¥EC], K)
tNEXT K
1475:B=B+S(J)I)XE(!
1480: A=(-B+J (BxB+
4%Q))72/7A
1482:A=INT ((Q/+.S
/1E3)%1E3)/!
E3
1483:GOSUB 1819
1484:LPRINT " ";W
(P):LF ¢(~1)
1485:GOSUB 18P0
1486:LPRINT A
1490:NEXT P
1495:LF (1):
RETURN
1500:FOR I=1TO NP
150S:LF (1)
1518:WCI)=INT ((T
(1)+.05)%10)
/19
1520: A=INT ((HCIDD
7TS+,.571E4)%
1E4)/1E4

15308.
1535.
1540.

1545.
1550:

1555.
1560:

1578.
16898:

1682

1618:

1620:

1630.

1640.
1650.
1669.
1679.
1680:
16380.
1697.

B=INT (C(H(I)
TP+,085>¥%18
2)/100
GOsuB 1819
LPRINT "ANGL
E="uW(])
GOsSuB 18040
LPRINT "RATI
="
G0OSUB 1859
LPRINT "% PL
1ES=";B
NEXT I[:
RETURN
INPUT "MATER
AL NO.= "M
’ .
[=UARL Ms$x19+
1688. GQSUB I
'RESTORE 1.
READ W$, 2, Q,
R, Ty TP, U, U, W
+ Xy YILPRINT
Ws$.GOTO 1697
pDATA "T388/5
208", 181..18
.3y, .28,7.12,
125€E-6, 1500,
1500, 49.. 246
» 68. RETURN
NAaTA "BORON/
5505", 284.. 1
8.5,.23,5.59
« 125E-6, 1260
«2500,61., 28
2..67..
RETURN
pDaTa 3573359
17,138..8.96
..38,7. 1,125
E-6, 1447, 144
7,51.7,206.,
93. | RETURN
partaq ¢
RETURN
parta v oo
RETURN
fata v .
RETURN
npara ¢ .
RE TURN
pata © -
RETURN
patgq -
RE TURN
RETUURN
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1700: 0=0%1E9, Q=Q¥%
lES, T=T¥X1E9,
U=UX1EG, U=VUX
1EB), W=W¥1ES,
X=X¥1EG, ¥Y=¥X
1E6

178S:NN=1/(] -R¥RX
Q/0):31=NNX0
1 Q2=NN%Q: Q3=
NNXR%¥Q: Q4=T

1210:U1=(3%Q1+3%Q
2+2%Q03+4%Q4)
s8:U2=(Q1-Q2
Y/2:U3=(Q1+Q
2-2%Q3-4%3d4)
78

1720:U4=(Q1+Q2+6%
Q03-4%Q4)/8.U
S=(@1+Q2-2%0

. 3+4%Q4)-8

1230:Q0=1/C(U%yU) . Q=
17(WXX) . T=1rs
(Y¥Y).G=lsU-

L /ViHz 7l=-17

X
1748:.F=-1(QkQ) /2
1750: GP=0%Q1 %31 +2
*F¥Q1%@3-+Q%Q
3%@3. GG=0%Q3
*XQ3+2%¥F %xQ3%Q
2+0%Q2%Q2
1760: GR=0%01 X33 +F
*X(Q1%¥Q02+@3%Q
33+Q%QA3%32.G6
S=T¥Q4%Q4
1765. CX=GxQ1-+4%Q3
GY¥=G%QA3+H%0Q
2
172729:VU1=(3%GP+3%G
Q+2%GR+4%GS)
#8.U2=(GP-G0
Y2
1275.U3=(GP+G@-2%
GR-4xGS)-/8:V
4=(GP+GA+6%G
R-4kGS)~8
1780.US=(GP+GE-2%
GR+4%GS)/8
1790. UB=(GX+GY)/2
Y22 (GX-GY)/
2.RETURN
1809.USING “"Hhé, 4
4" . RETURN
1810 USING "HK4, 8§
“.RETURN

& A S N \‘ -y T, \ ALY ‘ “) ‘n;:ﬁ .';-\.-'}.'.-"'-.!“\" o

ol

1838.USING “"H#H":
RETURN
1840:USING “Htitit,
§HH#~" . RETURN
1850.: USING “HHti#,
#4%" .RETURN
1830: END

20
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